Abstract The scope of this paper is to highlight models of reticulate evolution in a dual sense: (1) by stressing the importance of early models of horizontal/lateral transfer instead of models of unilinear vertical transfer in biology, linguistics, anthropology and related disciplines, and (2) by demonstrating that the acceptance of evolutionism as leitmotif in the nineteenth century was only possible by intense and repeated networks between scholars of different academic realms which lead to the assumption that the development of biological species and human cultures could be perceived as part of the same co-evolutionary process. Contrary to these widely popularized models of unilinear evolution, I would like to draw attention to alternative theories emphasizing the horizontal transfer of words, phenotypes/genotypes, and culture traits. Examples are the method of areal typology in linguistics, the theory of endosymbiosis in biology, and the anti-evolutionist attitude in Boasian anthropology, combined with an emphasis on the diffusion of culture traits. Further, it shall be pointed out that, even when-after the general dismissal of evolutionist ideas in the beginning of the twentieth century-the idea of co-evolutionary processes in the development of human populations and languages was again forwarded in the late twentieth century, this 'modern synthesis' of genetics, linguistics and archeology relied largely on interdisciplinary reticulations between sciences and humanities and serves as another example of reticulate evolution.
Introduction
This paper is dedicated to a few selected research results from the joint project 'Evolution and Classification in Biology, Linguistics, and the History of the Sciences'.
1 The paper focuses on findings from the 'history of the sciences section' of this project and highlights reticulations between scholars of different academic disciplines in the formation of theories of evolution in the time between the eighteenth and the early twenty-first centuries. Looking at these different models of biological and cultural evolution, it can be recognized that they are characterized by two main features, (1) the unilinear transmission of biological and cultural replicators (among others, languages), and (2), phylogenetic images of descent, that means, specifically, the 'tree of life' and the 'tree of languages' metaphors.
This claim shall be testified by a look at the prevailing models of evolutionary descent in (1) linguistics, (2) biology, and (3) cultural and social anthropology. Therefore, I will first present examples for the phylogenetic visualization of evolutionary processes in linguistics and biology. Finally, evidence shall be presented for the fact that even after evolutionary models based on the idea of unilinear vertical descent had received fresh attention in the second half of the twentieth century (the 'global human phylogeny'), these co-evolutionary theories were again based on interdisciplinary reticulations between different scientific realms.
The Phylogenetic Visualization of Evolutionary Processes
Phylogenetic visualizations of biological and linguistic evolution can be traced back to the very beginning of the nineteenth century: approximately between 1795 and 1880, Felix Gallet drew his 'L'arbre des langues mortes et vivantes' (Auroux 1990) . In Augustin Augier's Essai d'une nouvelle classification des végétaux (1801), we find an early tree-like diagram showing the development of different taxa of plants (Stevens 1983; Krischel and Fangerau 2013, 48) . Around this time, however, the majority of images visualizing relations between biological species were network instead of pedigree centered, as sketches by the naturalists Jean Hermann (1783) Only when, in the second half of the nineteenth century, the idea of a unilinear descent of species by matters of natural selection gained increasing acceptance and was also applied to human evolution (Darwin 1859 (Darwin , 1871 Haeckel 1874) , the 'tree of life' image became the standard visualization of evolution in biology.
With the development of comparative linguistics during the nineteenth century, the idea that all Indo-European languages originated in a common proto-language was established as a default theory (Jones 1786; Bopp 1816; Rask 1818; Grimm 1819 Grimm -1834 , and the development of Indo-European languages tended to be increasingly visualized in a pedigree fashion. Already in 1853, 5 August Schleicher (1809-1882) presented an early language tree representation which had probably been inspired by a quite similar image drawn by Č elakovský (1853; Geisler and List 2013, 112) . Since then, the tree model has become the standard visualization of genetic relations in Indo-European and other language families.
Evolutionary Thought in Cultural and Social Anthropology
In the course of the nineteenth century, the discipline of culturally-oriented anthropology split from physical anthropology and was developed as an independent scholarly discipline under different labels such as Ethnologie, Völkerkunde, social and cultural anthropology (Hann 2005) . All the early representatives of this newly established academic realm were stiff evolutionists, subscribing to a model of development from 'lower' to 'higher', more advanced stages of human development (Klemm 1843; Bastian 1860; Bachofen 1861; Tylor 1871; Morgan 1877; Waitz 1877; Frazer 1890) .
Antidotes' to Evolutionism
Interdisciplinary Networking Between Biologists and Linguists in the Nineteenth Century
As shall be shown, the establishment of evolutionism as dominant school of thought in the second half of the nineteenth century was only possible due to intense interdisciplinary networking and reticulations between scholars of different academic realms, namely linguists, biologists, and anthropologists. These networks have been visualized by Krischel and Fangerau (2013, 56) , and contacts between linguists and biologists in the second half of the nineteenth century have been well documented (e.g. Koerner 1983; Alter 2002; Kressing et al. 2014) .
But the idea of biological, cultural and linguistic coevolution is grounded on earlier traditions that can be traced back to the times of the enlightenment. Already in the eighteenth century, Adam Ferguson (1767) and Antoine de Condorcet (1795) described progressive social development through several stages. The nineteenth century saw a proliferation of evolutionary theories not only in biology (Lamarck 1809; Chambers 1844 , Darwin 1859 , 1867 , but also in the human sciences, including sociology and anthropology. Inspired by Condorcet's stage model, the early French socialist Henri de Saint-Simon (with A. Thierry, 1814), the anthropologist Gustav Klemm (1843 Klemm ( -1852 , and finally, the U.S. American anthropologist Lewis Henry Morgan (1877) forwarded their models of universal cultural evolution.
Another lineage of intellectual inspiration runs from Condorcet and the Belgian statistician Adolphe Quételet (1796-1874) to the French philosopher Auguste Comte (1798-1857), co-founder and denominator of the discipline of Sociologie. Extending Concordet's view on the progressive development of mankind through stages, Comte (1830 Comte ( -1842 , applying statistical methods and theoretical interpretations on societies by Quételet (1835), favored a strongly historical-orientated, evolutionary view on human societies.
As another important evolutionist in sociology, Herbert Spencer (1820 Spencer ( -1903 Evol Biol (2016) 43:474-480 475 between social and biological theories of evolution in the mid-nineteenth century is illustrated by the mutual intellectual exchange between Spencer and Darwin. In his Origin of species (1859), Darwin adopted the term 'survival of the fittest' from Spencer who before had lent the term 'natural selection' from Darwin. The fact that-especially in the middle of the nineteenth century-tight mutual relations between the proponents of evolutionism in biology and linguistics prevailed is also illustrated by the relationship between the biologist Ernst Haeckel (1834 Haeckel ( -1919 , the foremost popularizer of Darwinism in the German-speaking areas, the linguist August Schleicher (1821 Schleicher ( -1868 , and his colleague Wilhelm Bleek (1827-1875). Bleek, who was Ernst Haeckel's cousin and son in law, and Schleicher favored a pedigree model of language origin that fitted perfectly with the 'tree of life' tentatively envisaged by Darwin and elaborately visualized by Ernst Haeckel (1874) .
Within the 'Anglo-Saxon scene', ideas of linguistic evolution transpired to the geologist Charles Lyell (1797-1875), the U.S. American botanist Asa Gray (1810 Gray ( -1888 , and the biologist Thomas Huxley (1825-1895) as members of Darwin's 'inner circle'. This influence was mainly caused by Darwin's cousin and brother in law, Hensleigh Wedgewood (1803-1891), and by significant contributions to the postOrigin debate made by the German-born linguist Max Müller (Krischel and Fangerau 2013) who also inspired Darwin's famous remark 'A struggle for life is constantly going on amongst the words and grammatical forms in each language. The better, the shorter, the easier forms are constantly gaining the upper hand, and they owe their success to their inherent virtues' (Müller 1870, 257; Darwin 1871, 58) . These examples show that the idea of human social, linguistic, and biological co-evolution was shaped due to intellectual and personal contacts between influential leading scholars.
The Idea of Lateral/Horizontal Transfer in Biology, Linguistics, and Anthropology
But not all anthropologists, linguistics and biologists, of the nineteenth century subscribed to the idea of human development in the sole form of unilinear evolution in successive stages, leading from inferior to superior states. Instead, the idea of the diffusion of words, grammatical features, cultural traits, and whole cellular organs competed with the leitmotif of evolutionism.
Lateral/Horizontal Transfer in Theories of Biological Evolution
Without going into deeper details of the genesis of endosymbiotic theory, the fact shall be stressed that alternatives to the monophyletic origin of life have been developed by a number of scientists, dating back to the nineteenth century (van Driem 2008) . Already the botanist Julius Sachs (1832-1897) had observed that 'Chlorophyllkörner' (today called chloroplasts) were not only cellular organs (organelles), but had originally been life forms of their own which only later, in the course of biological evolution, had been incorporated into cellular bodies of plants (Sachs 1865) . Later, the Russian biologist Konstantin Sergeevič Merežkovskii (1852 Merežkovskii ( -1924 argued in favor of a polyphyletic origin of life, coining the term symbiogenesis (Mereschkowsky 1910; van Driem 2008, 386) . Thus, the thesis shall be put forward that the acquisition by symbiogenesis of existing life forms that subsequently evolved into cellular organelles, as a decisive factor in 'eukaryote' evolution (the term was coined later, in 1925) had already been developed in the early twentieth century. These ideas are now supported by modern theories of symbiogenesis and lateral gene transfer (e.g. Dagan et al. 2008; Martin et al. 2012) , that furthermore provide evidence for lateral transfer of genetic material between the organelles and the eukaryotic nucleus.
Linguistics: Alternatives to the Phylogenetic Model of Languages Origin
In linguistics, the phylogenetic model of language evolution that had been developed in the nineteenth century gained the status of a default theory. This standard theory implying the merely vertical transmission of a language's words and grammar was, however, questioned by linguists like Johannes Schmidt (1843 Schmidt ( -1901 , and later, by Giuliano Bonfante (1904 Bonfante ( -2005 . Schmidt (1872) proposed a 'wave model' of language change. He claimed that a new language feature (innovation) will 'spread from a central region of origin in continuously weakening concentric circles'. This theory was inspired by the failure of historical linguistics to explain all sound shifts in the development of modern languages from an extinct, reconstructed proto-language. Fifty years later, Bonfante (1931) presented another approach emphasizing the role of horizontal reticulations between the subgroups of IndoEuropean Nelson-Sathi et al. 2011 .
Backed by the new theoretical orientation of structuralism introduced by Ferdinand de Saussure (1916), a general turn toward the inner framework of languages was achieved within the 'Prague School of Linguistics' from the 1920s onward. Nikolai Trubetzkoy (1890 Trubetzkoy ( -1938 and Roman Jakobson (1896 Jakobson ( -1982 favored the concept of Sprachbund, i.e. the areal typology of languages (Trubetzkoy 1930; Jakobson 1931) , focusing on the lateral transfer of morphological features between languages, languages families, and their subgroups, instead of vertically transferred, inherited features. This idea that can be traced back as far as to the eighteenth century when the Swedish scholar Johann Thunmann (1746 Thunmann ( -1778 , had noticed that certain morphological features -namely the absence of the infinitive, postponed articles and a 'murmur' vowel of similar quality -were shared between Romanian, Bulgarian, Greek and Albanian (Thunmann 1774) . These are all Indo-European languages, but they belong to four different subgroups. In Thunmann's succession, a number of linguists like Jernej Kopitar (1780 Kopitar ( -1844 and Franc Miklošič (1813-1891) identified geographical areas of shared features due to linguistic convergence, and developed the paradigm of a 'Balkan linguistic area' (Kopitar 1829; Miklosich 1862) .
More recent critique of the phylogenetic model of language origin emphasizes the fact that the origin of mixed languages-like Mbugu/Ma'a in the Tanzanian Usambara Mountains-as well as of Pidgin and Creole languages is hard to explain by the historical-comparative standard model (Bickerton 1981; Mous 2003) . Recent findings also point to a much more intense exchange processes between languages (including borrowings in the basic vocabulary) than previously anticipated (Nelson-Sathi et al. 2011 List et al. 2014a, b) .
Early Twentieth Century Trends in Cultural and Social Anthropology
Around the turn to the twentieth century, evolution was not only frequently dismissed in biology and linguistics, but also in socio-cultural anthropology (Bowler 1992) . Four main traditions of cultural anthropology emerged: Social Anthropology in Britain, Ethnologie in France, Völk-erkunde in the German-speaking countries, and Cultural Anthropology in North America. All 'four ways' of sociocultural anthropology in the Anglo-Saxon, French and German-speaking countries expressed a strong anti-evolutionary perspective, guided by the theories of cultural relativism and particularism, diffusionism and structuralism (Hann 2005; Streck 2000, 62) . Cultural and social evolutionism was equally dismissed within the British school of Social Anthropology which emerged shortly after World War I, with Bronisław Malinowski (1884-1942), Alfred Radcliff-Brown (1881 -1952 , Edward E. EvansPritchard (1906 ), and Meyer Fortes (1906 being the main representatives (Streck 2000, 142) . At roughly the same time, French Ethnologie was coined by personalities like É mile Durkheim (1858 Durkheim ( -1917 and Marcel Mauss (1872 -1950 who shifted the discipline's focus to questions of social life (Durkheim 1912; Mauss 1913) . The discipline was then to a large degree shaped by Claude Lévi-Strauss (1908 -2009 in his application of structuralist thought to ethnology, coining the term Anthropologie Structurale (Lévi-Strauss 1958). In North America, the nineteenth century view that populations were defined by an integrated complex of physical and cultural traits (including language and religion) met fierce opposition by the emerging cultural relativism and particularism of the emerging school of cultural anthropology, especially by its 'founding father ' Franz Boas (1858 .
The Reintroduction of Evolution (with Unilinear Vertical Descent) to Anthropology
In the 1930s and 1940s, however, evolutionism enjoyed renewed interest in the sciences and the humanities. In biology, the modern evolutionary synthesis in biology combining results of Mendelian population genetics with Darwinian evolutionary theory gained general acceptance (Dobzhansky 1937; Huxley 1942; Mayr 1942) . With the neo-evolutionists Leslie White (1900 -1975 ), Julian Steward (1902 -1972 , and Marshall Sahlins (born in 1930) , the idea of evolution had received renewed interest in cultural anthropology since the early 1950s (White 1949; Steward 1955; Sahlins and Service 1960) . As Sahlins (1977) showed, the evolutionary theoretical framework based on the idea of unilinar descent was largely reintroduced in the 1970s (Claessen 1996, 213-218) . In the last quarter of the twentieth century, ideas of co-evolution in human linguistic, cultural, and biological (now termed 'genetic') diversity re-emerged in the shape of the 'new synthesis' of genetic, linguistic, and archeological data. In this 'gobal phylogeny ' model, Luigi Luca Cavalli-Sforza (Cavalli-Sforza et al. 1988 ) combined modern population genetics with linguistic long-range comparison outlined by his Stanford University colleague Joseph Greenberg (1987 Greenberg ( , 2000 Greenberg ( , 2002 .
Interdisciplinary Networking and the Role of Lateral Transfer in Modern Evolutionary Theory
During the last decades, models of genetic, linguistic, and also cultural co-evolution have been emphasized by a considerable number of scholars (e.g. Atkinson 2010; Feldman 1981, 2003; Atkinson 2003, Gray et al. 2007; Greenhill et al. 2008; Pagel 2009; Renfrew 1987; Holman et al. 2015) . In their majority, these theories favor the idea of a unilinar, pedigree-like evolution of human languages, genotypes and/or culture traits. The formulation of these recent co-evolutionary models was, however, only possible due to intense interdisciplinary transfer and networking between geneticists, linguists, and archeologists (Atkinson and Gray 2005; Atkinson 2010, 231-233) .
Another, second aspect of reticulate evolution becomes evident by the fact that the idea and the importance of lateral transfer is by now not only generally acknowledged in biological evolution, especially in prokaryotes (e.g. Martin 2013 ), but has also been successfully applied to historical linguistics and dialectology (Nelson-Sathi et al. 2013; List et al. 2014a, b) .
It can thus be argued that reticulate evolution is present in modern evolutionary theory in a dual sense:
(1) Recent attempts in the establishment of unified, genetically-linguistic pedigree of mankind ('global phylogeny') do not only highlight the co-evolution of human genes and languages, but can also be seen as an indication of new avenues of interdisciplinary transfer between geneticists, linguists, archeologists, and socio-cultural anthropologists. (2) A look at contemporary evolutionary theory shows that the idea of lateral and horizontal transfer has found general acceptance in specific realms of (micro-)biology and linguistics, with mathematic models of lateral transfer in prokaryote evolution having been applied to historical linguistics (Atkinson 2010; Nelson-Sathi et al. 2011 List et al. 2014a, b) .
Conclusion
As has previously been shown, the emphasis that had been put on the that unilinear pedigree model of evolution in biology, linguistics and anthropology is to a certain degree biased and tends to neglect processes of horizontal/lateral reticulation (networking and diffusion) that-in an equal distribution -occur in all three scientific realms under consideration (biology, linguistics, anthropology). Finally, alternative models of lateral and vertical transfer between species, languages, and cultures which are as grounded as the established phylogenetic models of evolution seem to have found -at least partial -acceptance in theories of reticulate evolution. In the author's opinion, it could be shown that theories of unilinear descent in biology, linguistics and anthropology represent just one among several approaches in explaining evolutionary development in all three realms. Reticulation and lateral/horizontal transfer did already in the nineteenth century play a predominant role in the formation of classic evolutionary theories-even among those scholars who advocated a solely unilinear line of descent in their respective domain (Atkinson and Gray 2005) . Furthermore, 'antidotes' to the pedigree and tree of life metaphors in evolution have been presented as early as phylogenetic models, but have been often neglected, suppressed or simply been ignored. The author's aim was to draw attention to these alternative models of lateral and vertical transfer of words, genes, and culture traits which form an indispensable part of an all-encompassing evolutionary epistemology and should receive greater attention than before. Therefore, the author advocates that an integrative view on evolutionary patterns should recognize and accept both modes of replication as indispensable mechanisms that shape evolutionit should neither be restricted to the idea of vertical, unilinear descent, nor put an overemphasis on modes of horizontal and lateral transfer.
